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Objectives. To describe our experience with shunting of the coeliac and superior mesenteric arteries during
thoracoabdominal aneurysm repair.
Design. Retrospective study.
Material. Eight patients undergoing resection and graft replacement of Crawford type III (5) and type IV (3)
thoracoabdominal aortic aneurysms were included in this series. One patient had rupture, four were symptomatic and three
were operated on electively.
Methods. A vascular graft with a sidearm was applied for the reconstructions. A T-shunt was connected to the sidearm.
Following completion of the proximal anastomosis the shunt was inserted into the coeliac and superior mesenteric arteries.
The anastomoses to these arteries and the renal arteries were then completed. Finally the distal anastomosis was performed.
Results. There was no early mortality (30 days). One patient had postoperative paraparesis, but recovered quite well.
Reoperation became necessary due to sigmoid necrosis in one patient and due to haemorrhage in another. During the follow-
up period four patients died but the other patients are alive between 3 and 8 years after surgery.
Conclusion. The application of shunting of the superior mesenteric and coeliac arteries during thoracoabdominal aortic
surgery is feasible and the results have been acceptable. Further investigation of the optimal blood flow needed to avoid
intestinal ischaemia in a larger series of patients is desirable.
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Introduction
During treatment of thoracoabdominal aortic aneur-
ysms, ischaemia to the spinal cord, bowel and kidneys
represent a threat to a successful result. Several
adjuncts have been introduced to reduce the risk of
organ ischaemia.1,2 Thus, extracorporeal circulation
either as a femorofemoral or atriofemoral bypass is
preferred by several surgeons.3 To avoid visceral
ischaemia, separate perfusion of these arteries via a
sidearm from the arterial line could be advantageous.
In January 1994 we introduced a technique for
shunting of the coeliac axis (CA) and the superior
mesenteric artery (SMA) during operations for type III
and IV thoracoabdominal aortic aneurysms.4,5 This
adjunct had previously been suggested following
animal experiments by Cohen and co-workers6 and a
similar technique has previously been described for
clinical use.7 The purpose of this paper is to describe
the technique and to discuss alternatives to minimise
visceral ischaemia during thoracoabdominal aortic
surgery.
Material and Methods
Prior to induction of anaesthesia an 18G thoracic
epidural catheter was applied at the th6-7 level and a
16G intrathecal catheter was inserted at the L3–L4
level for cerebrospinal fluid drainage. The intrathecal
catheter was removed on the third postoperative day.
Anaesthesia was induced by barbiturate, fentanyl and
pancuronium. Continuation of the anaesthesia was
obtained by isofluran and N2O/O2. Furthermore,
fentanyl/pancuronium was supplemented with
epidural bupivacain (5 mg/ml). A double lumen
tube was applied in six patients. In addition to a
Swan-Ganz catheter, two large-bore intravenous lines
were available. Two hundred and fifty millilitre
(37.5 g) of mannitol was administered intravenously
prior to cross-clamping of the thoracic aorta. An
infusion of sodium bicarbonate was given to counter-
act metabolic acidosis. To reduce the blood pressure
during aortic cross-clamping, nitroglycerine and
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sodium nitroprusside was infused, but the infusion
was terminated prior to declamping of the aorta.8
3000 IU of heparin was given prior to cross-clamping
of the aorta. Autotransfusion was used during all
operations. A regular thoracolaparotomy was per-
formed and the 7th intercostal space was entered.
Vascular clamps were applied on the thoracic aorta
proximal to the aneurysmal dilatation and distally on
the abdominal aorta or the iliac arteries. The aneur-
ysmal sac was then opened and a vowen, gelatine
impregnated vascular prosthesis with a presutured
8 mm sidearm (Gelweavew, Vascutek Ltd., Inchinnan,
Scotland) was used. Into the sidearm an 11F carotid T-
shunt (Vascushunt 11F, Baxter Healthcare Corp, Erwin
CA, USA) had been placed in advance and secured by
a suture. (Fig. 1). The kidneys were perfused with cold
(4 8C) Ringer’s acetated solution containing 1000 IU of
heparin per litre. The proximal anastomosis was
sutured in an end-to-end fashion. After completion of
the proximal anastomosis the vascular clamp was
applied distal to the sidearm and the limbs of the T-
shunt were then placed into the CA and the SMA where
they were kept in place by inflatable balloons. Thus,
blood flow to these arteries was reestablished immedi-
ately after completion of the proximal anastomosis. The
lumbar and intercostal arteries were oversewn with the
exception of those included in the proximal anastomo-
sis. Through a sidehole in the main graft the CA, the
SMA and one or both renal arteries were anastomosed
to the prosthesis. Immediately prior to completion of
this second anastomosis, the T-shunt and the catheters
to the renal arteries were removed. After completion of
the anastomosis blood flow was reestablished to these
arteries and the distal anastomosis was then completed.
In four cases we used the sidearm of the main
prosthesis as a separate bypass to the left renal artery
because the distance between the two renal arteries was
too wide to anastomose them to the sidehole of the
main graft (Fig. 2). In the others the sidearm was
oversewn and removed.
During the period 1994–1999 eight patients were
operated on for thoracoabdominal aortic aneurysm
using the described technique of shunting of the SMA
and CA. The shunting technique was planned in one
more patient. However, the sidearm was located too
close to the sidehole of the main graft. It therefore
became impossible to apply the shunt while doing the
anastomosis to the visceral arteries and the operation
was performed with aortic cross-clamping only. Five
of the patients were women and three men with a
median age of 69 years (range 58–79). Concomitant
diseases included hypertension in five patients. Four
had coronary heart disease defined as angina, pre-
vious myocardial infarction, previous PCI or aortocor-
onary bypass grafting, two had lower limb ischaemia
and two had previously undergone surgery for
infrarenal abdominal aortic aneurysm. Two patients
had chronic obstructive pulmonary disease. One of the
patients was operated on because of rupture while
four were symptomatic and three patients were
operated on electively. According to the ASA classifi-
cation five belonged to the ASA class III and three to
the ASA class IV. Five patients had aneurysms
cathegorised as Crawford type III whereas three had
a type IV aneurysm. The maximal aneurysmal
diameter averaged 70 mm (range 60–96). The study
was approved by the local ethics committee.
Results
There was no early mortality (less than 30 days). One
reoperation became necessary due to haemorrhage
and another was reoperated for gangrene of the
sigmoid colon. A Hartmann’s procedure was per-
formed. One patient had postoperative paraparesis,
but eventually recovered quite well. Two patients
required dialysis for three days, but there was no need
for permanent dialysis. In one case splenectomy was
performed due to haemorrhage. The median operating
time was 261 min (Table 1). The median clamp time
until restoration of blood flow to the CA, SMA and
renal arteries was 47 min (35–82) while the median
need for blood transfusion was 1350 ml (900–2700).
There was a significant increase in cardiac output
during cross-clamping of the thoracic aorta from a
median level of 4.4 l prior to cross-clamping to 6.9 l
during thoracic aortic cross-clamping. The volume of
Fig. 1. The application of a T-shunt for perfusion of the
superior mesenteric artery (SMA) and the coeliac artery (CA)
during thoracoabdominal aneurysm repair. The kidneys are
perfused with Ringer’s acetated solution of 4 8C.
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cerebrospinal fluid removed during the day of
operation averaged 74 ml and the total removed
volume was 142 ml. The median requirement for
ventilatory support was 31 h and median stay in an
intensive care unit or intermediate care unit was 8
days (4–33). All patients have been followed at the
outpatient clinic. Four patients died during the follow-
up period after 5, 5, 6.5 and 7.5 years respectively. One
died of malignancy, one of renal insufficiency whereas
two died from myocardial infarction. No autopsies
were performed. The other four patients are alive
between 3 and 8 years after surgery.
Discussion
Several techniques have been applied to reduce organ
ischaemia following thoracoabdominal aortic aneur-
ysm repair.1,2 Whereas extracorporeal circulation is
used to a great extent for type I and II aneurysms,
other techniques have been suggested for the treat-
ment of type III and IV aneurysms.9,10 The reason is
that extracorporeal circulation is not without compli-
cations in these patients, especially haemorrhage due
to heparinisation. Sequential cross-clamping will not
eliminate a period of ischaemia to the bowel and
kidneys unless these organs are perfused via separate
catheters from the arterial line.11,12 Direct cross-
clamping of the aorta without any special adjuncts
has been used for several years.13 We have also used
this method and find it technically simple. However,
the time until completion of the anastomosis to the
visceral arteries was in the same range as in the
presented series, which means that the actual visceral
ischaemia time became significantly longer. This could
lead to postoperative complications including multi-
organ failure. In 12 patients operated on for type IV
aneurysm not included in this series, we applied an
alternative technique where the visceral arteries were
conserved on a patch of aortic tissue. The proximal
part of the graft was then cut in an oblique fashion
thereby including the orifice of the visceral arteries in
one single proximal anastomosis.14 In the presented
cases, however, the proximal extension of the aneurysm
Table 1. Data following thoracoabdominal aortic repair in eight patients using shunting of the coeliac and superior mesenteric arteries.
Median Range
Operating time (min) 261 (190–377)
Blood transfusion (ml SAG) 1350 (900–2700)
Time of aortic cross-clamping until completion of the anastomosis to
the coeliac, superior mesenteric and renal arteries (min)
47 (35–82)
Median time of ventilatory support (h) 31 (10–256)
Total postoperative stay in hospital (d) 15 (10–90)
Stay in ICU/intermediate care unit (d) 8 (4–33)
Fig. 2. Reconstruction of a thoracoabdominal type III aneurysm. The sidearm of the vascular prosthesis, which primarily was
used for shunting of the superior mesenteric and the coeliac arteries, was in this case applied as a bypass to the left renal
artery. Since the attachment of the sidearm to the main graft is relatively close to the proximal anastomosis there is little
chance of kinking when the left kidney is rotated back to it’s original site.
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was too high for the application of this technique and a
separate proximal end-to-end anastomosis was there-
fore made. One disadvantage of the described shunt-
ing technique is that the proximal anastomosis has to
be completed before blood flow can be restored to the
CA and SMA. However, the time needed to perform
the proximal anastomosis was in the range of 10–
20 min, which actually represents the ischaemia time
to the bowel. This ischaemia time is therefore reduced
approximately 25 min compared to direct cross-
clamping of the aorta, which is similar to the
observations from other investigations.7
Measurement of blood flow would have been
advantageous to observe the flow capacity of the
shunt applied in this series.15 It is possible that shunts
with a higher flow capacity would have been
advantageous. We did not measure any indicators of
intestinal ischaemia in this series. However, par-
ameters like early mortality and complication rate,
need for postoperative ventilatory support and stay in
hospital were reasonable, indicating that in general no
severe or long lasting visceral ischaemia had taken
place. The stay in the intensive care unit or intermedi-
ate care unit of 8 days seems long, but we often let the
patient stay in the intermediate care unit for a longer
time than actually needed, until the bowel function
became normal and the patient was fully mobilised.
An extra side-branch with a T-shunt could have been
used to perfuse the kidneys with blood rather than
Ringer’s acetated solution. However, in a prospective
randomised series it has been shown that cold
crystalloid perfusion is superior to normothermic
blood to conserve the renal function during thora-
coabdominal aneurysm repair.16
Shunting of only one of the CA or SMA has been
described by other surgeons with excellent results.7
The results were fairly similar to ours, but the majority
of their patients had type I and II aneurysms, which
usually have a higher complication rate than type III
and IV aneurysms. A comparison between the two
series is therefore difficult. It might be beneficial to
apply an extra shunt to avoid prolonged ischaemia of
the lower extremities.17 Further, the application of a
Gott shunt or a similar device might actually have
reduced the ischaemia time to the visceral organs to a
minimum.
Spinal fluid drainage is now performed routinely
during thoracoabdominal aortic repair. In some of our
cases the spinal fluid pressure increased significantly
during thoracic aortic cross-clamping. Spinal fluid was
removed to keep the pressure below 10 mm/Hg, a
level, which has been suggested to decrease the
incidence of neurologic complications.18,19 In spite of
this adjunct one of our patients had postoperative
paraparesis. He has recovered quite well and is now
mobilised using crutches.
The reason for the increased cardiac output
observed during cross-clamping of the thoracic aorta
is unclear. It may be caused by a redistribution of the
blood volume, the application of vasoactive agents or
an increase in catecholamine levels, which we have
observed in experimental investigations.20 An increase
in cardiac output is usually well tolerated but could
represent a stress to the heart, especially in elderly
patients with coronary heart disease. It is possible that
more extensive shunting including both the CA, SMA
and the arteries and to lower extremities might give
better hemodynamic stability in these patients, but
future investigations are necessary to explore this
possibility further. It is possible that such a technique
might also improve the intraoperative collateral
circulation to the spinal cord and perhaps reduce the
incidence of neurologic complications. From a theor-
etical point of view, perfusion of the CA or SMA with
cold solutions could increase the tolerance of intestinal
ischaemia. However, rather limited volumes of fluid
can be used since a significant decrease in body
temperature should be avoided. A solution to this
problem might be external cooling of the bowel, which
has only been tested in an experimental setting.21
In conclusion shunting of the CA and SMA during
thoracoabdominal aortic surgery for type III and IV
aneurysms is feasible and the results have so far been
acceptable. A larger series of patients are required to
investigate the volume of blood flow necessary to
avoid visceral ischaemia.
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